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Description 

This invention relates to a switched reluctance mo- 
tor comprising a stator defining stator poles each with a 
pole face, and having a stator winding for energising the 
stator poles; a rotor defining rotor poles each with a pole 
face, movement of the rotor being influenced by the sta- 
tor poles according to the energisation of the stator 
winding, and a magnetisable member attached to at 
least one stator or rotor pole, acting as a host pole and 
positioned such that it influences the rest position of the 
rotor, when the winding is not energised, to maintain the 
rotor in a non-zero starting-torque position relative to the 
stator (see for example WO- A1 -90702437). 

A form of switched electric reluctance motor is pro- 
posed in patent US 5043618. The motor disclosed in 
that patent has two poles per pole group, and stator and 
rotor pole arcs of about 30°. An example is illustrated in 
Figure 1 of the drawings. Figure 2 illustrates the static 
torque curve, which is derived from the torque devel- 
oped by the motor with a constant excitation current in 
the windings, as a function of the angle 9 of rotation of 
the rotor. Such curves are characteristic of doubly sali- 
ent pole motors and can be calculated or measured. 

Positive torque is assumed to drive the motor in the 
forward, clockwise, direction so that the angle of rotation 
9 is increasing positively in Figure 2 in normal operation. 
At low speed the winding carries current throughout the 
range of the angle of rotation 6 corresponding to the pos- 
itive torque., from 8 = -45° to 8 = 0°. 

It will be appreciated with reference to Figure 2 that 
the motor will only start from rest in the forward direction 
if the rotor is in a position corresponding to a region of 
positive torque. On the other hand, if the coil is switched 
across a d.c. voltage supply when the rotor is in a region 
corresponding to negative torque, the resulting current 
in the winding will cause the motor to move in the re- 
verse direction. It will be further appreciated that there 
are two positions in each torque cycle at which no torque 
will be developed, e.g. 8 = 0° and 6 = -45° in Figure 2. 
A rotor angle of 0 = 0° corresponds to a stable condition 
because if the rotor is displaced from this position in ei- 
ther direction, with current flowing in the winding, the 
torque will restore the rotor to the initial position. On the 
other hand, position 9 = -45° corresponds to an unstable 
position because displacement of the rotor from the po- 
sition in either direction will cause the rotor to move 
away from the initial position. 

The rotor 1 in Figure 1 is in a stable position of zero 
torque in relation to the stator 2. Thus, in this position, 
the motor will fail to start when current is fed to the wind- 
ings. 

In the motor of Figure 3 the rotor is in the unstable 
position of zero torque with the inter-pole axes of the 
rotor 1 aligned with the axes of the stator poles. 

Thus, there are regions in the rotor cycle in which 
the above motor will not start and regions in which there 
will be uncertainty as to at least the initial direction of 



rotation of the rotor. 

US-A-5,117,144 discloses a switched reluctance 
motor in which the problem of avoiding a zero torque 
rest position is addressed by arranging permanent mag- 
5 nets between the ferromagnetic stator poles. The per- 
manent magnets influence the rest position of a special- 
ly shaped rotor having noses on the rotor poles which 
come under the influence of the energised ferromagnet- 
ic stator poles. 

10 The present invention is characterised in that the 
magnetisable member forms a lateral extension of the 
host pole face. 

The invention provides for the reliable starting of re- 
luctance motors and is particularly applicable to the mo- 

is tors described in US 5043618. A permanent magnet or 
magnets may be added to the motor such that when the 
rotor is at rest, in the absence of current in the stator 
winding and providing there is not excessive friction or 
other applied load, the rotor poles will be positioned in 

20 relation to the stator poles to ensure rotation when cur- 
rent is supplied to the stator winding. The magnet or 
magnets are placed at the side of the stator pole or poles 
in the space between the poles of a pole group and fac- 
ing the rotor pole across the air gap between them. 

25 Preferably, the magnetisable member is mounted 
angularly to one side of its host pole. The member may 
be mounted in a recess in the host pole or on a side face 
of the host pole. 

The particular advantage of this invention in relation 

30 to the type of motor described in US 504361 8 is that the 
magnetisable member can be located on the side of a 
host pole not otherwise occupied by any active material 
of the motor. Thus, the member can be mounted in a 
region of substantially no working flux and the operation 

35 of the motor is substantially unaffected. 

A motor according to the invention may have the 
same number of poles as that described in US 5043618, 
but the pole face of one or more o( the stator poles is 
effectively extended circumferentially by a permanent 

40 magnet preferably of the same polarity as that produced 
in the pole by excitation current in the windings. In effect, 
in the absence of a current, a rotor pole or poles will 
usually come to rest facing the magnet or magnets. Oc- 
casionally the rotor may come to rest with an inter-polar 

45 axis of the rotor facing the magnet. In either case a pulse 
current in the winding will cause the rotor poles to move 
towards alignment with the stator poles. If as would usu- 
ally be the case this initial movement is in the normal 
forward direction, the inertia of the rotor and any con- 

50 nected load will cause the rotor to move past the aligned 
pole position and thereafter normal switching of the cur- 
rents under the control of a conventional rotor position 
sensor will proceed in the well known manner. 

If the initial movement is in the reverse direction, the 

55 rotor pole will move past the aligned position and current 
switching under the influence of the rotor position sensor 
will cause the rotor to reverse its direction of rotation and 
proceed in the well known manner. In order to ensure 
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starting trom any of the possible initial positions : it is sim- 
ply necessary initially to override the position sensor tor 
a short time when the initial rotor position corresponds 
to a normally unexcited state. This can easily be imple- 
mented; tor example, by a logic OR function to which 
the input signals of the output of the position sensor and 
a timed pulse initiated by the switch-on command are 
applied. 

The present invention can be put into practice in 
various ways, some of which will now be described by 
way of example with reference to the accompanying 
drawings in which: 

Figure 4 is a cross-section of a first embodiment of 
the invention; 

Figure 5 is a torque curve lor the magnet of the in- 
vention in the embodiment of Figure 4; 
Figure 6 is a cross-section according to Figure 4 
with the rotor position shifted; 
Figures 7 to 11 are scrap-sections of further embod- 
iments of the invention. 

Referring to Figure 4, a switched reluctance motor 
comprises a rotor 10 which is mounted to rotate inside 
a stator 1 2. The motor is of the doubly salient type. The 
rotor has four equiangularly spaced rotor poles 14. Sim- 
ilarly, the stator has four equiangularly spaced stator 
poles 16 and 16'. The clearance between the faces of 
the poles on the rotor and the stator as the rotor rotates 
defines an air gap. The stator poles are excited by a pair 
of windings 18 to create a pair of adjacent north poles 
N and a pair of adjacent south poles S according to the 
motor construction disclosed in US 5043618. 

Each one of a pair of opposed stator 16 has a per- 
manent magnet 20,22 mounted on its exposed side op- 
posite that side adjacent its pole winding. The magnet 
has an orientation which is the same as its host stator 
pole 16, as seen at the pole face, and effectively forms 
an extension of the pole face. The longitudinal or axial 
extent of the magnet may be the same as that for the 
stator itself or be a proportion ot it. In the latter case the 
magnet may be located toward one axial end of the sta- 
tor or in a region part way along it. 

Figure 5 shows the static torque curve due to each 
of the permanent magnets 20,22 as a function of the 
angle of rotation d of the rotor 10. It will be observed that 
the magnets produce a positive torque in the region 
around the unstable zero torque position of the static 
torque curve due to current excitation in Figure 2 and 
that the magnets produce a negative torque in the region 
around the stable zero torque position of the stator 
torque curve due to the current excitation in Figure 2. 

Figure 6 shows the motor of Figure 4 with the rotor 
angularly displaced such that two of the inter-polar axes 
of the rotor poles are aligned with the axially opposed 
permanent magnets 20. 22. Figures 4 and 6 show re- 
spectively the motor of the present invention with its ro- 
tor in the stable and unstable positions of zero torque 



derived from the permanent magnets as illustrated in the 
curve of Figure 5. 

It will be understood that rotor position sensing 
means connects the d.c. voltage to the supply over the 
5 regions of positive torque of Figure 2 (e.g. 0 = -45° to 9 
= 0°). 

In the absence of current, if the rotor is initially sta- 
tionary at what would have been a stable position ot zero 
torque in Fig. 2 (e.g. 9 = 0°), the negative torque pro- 
io duced by the magnets will cause it to move in the re- 
verse direction to the stable zero torque position of Fig- 
ure 5 (e.g. 9 = -22" 1 //). If the rotor is initially stationary at 
an unstable position of zero torque in Figure 2 (e.g. 9 = 
-90°), the positive torque produced by the magnet will 
15 cause it to move in the forward direction to the stable 
zero torque position in Figure 5 (e.g. 9 = 22#°). 

While previously if the motor of Figure 1 was 
switched on with the rotor at rest in any zero torque po- 
sition for the excitation currents it would fail to start, the 
20 magnets extending the pole faces of the present inven- 
tion prevent it settling in any of these positions. Indeed, 
it will start particularly well from a position such as 9 = 
-22 1 /4° because of the large positive torque in this region. 
More generally, by the same reasoning; the rotor 
2$ will not remain at rest at any angle other than the stable 
and unstable zero torque positions of Figure 5 in the ab- 
sence of any load the magnets themselves are unable 
to overcome. In the unlikely event that the motor is at 
rest in an unstable zero torque position (e.g. 9 = -67V£°), 
30 a short pulse of excitation of the winding will impart neg- 
ative torque to the rotor and cause it to move in the re- 
verse direction to a stable zero torque position e.g. 
-22#°, or to a region in which the excitation under the 
control of the rotor position sensing means imparts suf- 
35 ficient positive torque to cause it to reverse its direction 
of rotation to the forward direction so that normal forward 
running is established. 

As stated above, the motor of Figures 4 and 6 is 
designed to run in a clockwise direction. If, on the other 
40 hand, it is desired that the motor start and run in the 
anticlockwise direction, this can be achieved by reposi- 
tioning the magnets 20 : 22 on the exposed sides of the 
adjacent poles 16* of like polarity. This will tend to shift 
the rotor at rest to a non-zero torque position in which 
45 the rotor poles are displaced to the opposite side of an 
adjacent stator pole. 

In practice motors designed according to the inven- 
tion usually develop much greater torques at full current 
than are developed by the magnets, i.e. the ratio of peak 
50 torque in Figures 2 and 5 is usually considerably greater 
than the relative maximum departures of the respective 
curves from zero torque indicated. The magnitude and 
shape of the static torque curve of the magnet can be 
controlled and designed by the length of the magnets in 
55 the longitudinal direction parallel to the axis of the motor, 
the type of permanent magnet material used and by their 
radial extent. Only one magnet need be used. However, 
while any realistic number may be used the use of two 
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is preferred. 

The motors are used in applications in which the 
friction forces and static load forces are significantly low- 
er than the maximum torques produced by the perma- 
nent magnets. A fan drive is a typical example of an ap- 
plication to which the motor is well suited. 

It will be appreciated in relation to US 5043618 that 
the region of back of core 24 between poles of a pole 
group in the modified form carries flux due to the per- 
manent magnets because they are positioned asym- 
metrically with respect to this part of the magnetic struc- 
ture. This flux is relatively small and the benefits of re- 
duced lamination material may still be exploited. In fact, 
the invention is still applicable even when the back of 
core regions 24 are removed altogether because the 
flux of the magnets 20 and 22, after crossing the air gap, 
returns to the stator through the stator poles 1 6 and 1 6'. 

An important feature ot the invention is its simplicity 
and ease of manufacture. An attractive feature in this 
respect is that the magnets can be assembled in an un- 
magnetised state., the magnet being magnetised after 
assembly by the passage of currents through the stator 
windings. Alternatively, electro- magnets magnet isable 
by means of an auxiliary winding may be used in place 
of permanent magnets. In this case the magnet core ma- 
terial need not be permanently magnetised. The excita- 
tion of the magnetisable member may be under the con- 
trol of a motor control circuit having an auxiliary program 
operable simply to excite the member to urge the rotor 
out of an undesirable position only for starting and then 
to de-energise the member while the motor is running 
or not in use. 

Figure 7 shows a stator pole magnet 28 mounted in 
a recess 30 in the pole 32 itself. The pole face is arcuate, 
but the surface of the starting magnet facing the rotor 
pole path is flat. In Figure 8 a magnet 34 is again mount- 
ed on the side of the host stator pole 16. However, the 
surface of the magnet facing the rotor pole path is arcu- 
ate, having the same radius of arc as the stator pole face 
and defining the same air gap as the host stator pole 
face with respect to the rotor pole face. The arcuate face 
on the starting magnet allows it to maintain its optimum 
closeness to the periphery of the rotor pole path. Be- 
cause of this the starting force exerted by the magnet is 
greater over a wider arc than for a magnet of equal 
strength but with a flat facing surface. 

Figure 9 illustrates a magnet 36 in a recess 38 in 
the stator pole 32. The magnet is angularly spaced from 
the pole face by a non-magnetic spacing piece 40. An 
example of a spacing piece would be some glue to hold 
the magnet in place causing the spacing, or an adhesive 
pad having the same function. 

In Figure 10 a magnet 42 is located behind an ar- 
cuate section non-magnetic cover plate 44. The plate 
44 extends between the edges on the exposed side of 
adjacent stator poles 16. Together with the arcuate pole 
faces the cover plate presents a smooth circular surface 
to the rotating rotor when such plates are fitted between 



all adjacent poles. This is aerodynamically advanta- 
geous and serves to reduce the wind noise and windage 
losses in the motor. Because the plate 44 is non-mag- 
netic it is magnetically indistinguishable from the air gap 

5 in terms of its reluctance to the flow of flux. 

In Figure 11 a magnet 46 is shown on a stator 48 in 
which a winding 50 embraces a single pole 52 as de- 
scribed in US 5043618. The magnet 46 is mounted in a 
recess 54 in the host stator pole similar to the arrange- 

to ment in Figure 7. 

It will be appreciated that one or more magnets ac- 
cording to the invention can be fitted to a motor. Where 
there are more than two poles in a group of poles a se- 
lection or all of the poles in the group may be fitted with 

75 a magnet, e.g. two starting magnets can be fitted on two 
poles in a group of three. Differing arrangements of 
magnet can also be used on the same motor. 

The magnetisable member may equally well be at- 
tached to a rotor pole. However, because the rotor is 

20 rotating at speed careful consideration must be given to 
balancing it and to attaching it securely to the host rotor 
pole. 

It will also be appreciated that the motor according 
to the invention can be run as a generator. 

25 

Claims 

1. A switched reluctance motor comprising: 

30 

a stator (12) defining stator poles (16; 16') each 
with a pole face, and having a stator winding 
(18) for energising the stator poles; 
a rotor (10) defining rotor poles (14) each with 

3S a pole face, movement of the rotor being influ- 

enced by the stator poles according to the en- 
ergisation of the stator winding; and 
a magnetisable member (20) attached to at 
least one stator or rotor pole, acting as a host 

40 pole and positioned such that it influences the 

rest position of the rotor, when the winding is 
not energised, to maintain the rotor in a non- 
zero starting-torque position relative to the sta- 
tor; characterised in that: 

45 the magnetisable member forms a lateral ex- 

tension of the host pole face. 

2. A motor as claimed in claim 1 in which the magnet- 
isable member is a permanent magnet (20) or an 

so electromagnet. 

3. A motor as claimed in claim 1 or 2 in which the mag- 
netisable member is mounted angularly to one side 
of its host pole. 

55 

4. A motor as claimed in claim 3 in which the stator 
poles of like magnetic orientation are grouped to- 
gether and the magnetic orientation of adjacent 
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groups is different, at least one group of stator poles 
of like orientation having at least one magnetisable 
member for influencing the rotor. 

5. A motor as claimed in any of claims 1 to 4 in which 
the magnetisable member is mounted in a recess 
in the pole face. 

6. A motor as claimed in any of claims 1 to 4 in which 
the magnetisable member is mounted on a side 
face of the host pole. 

7. A motor as claimed in any of claims 1 to 6 in which 
the end face of the magnetisable member is flat or 
arcuate with respect to the axis of rotation of the 
rotor. 

8. A motor as claimed in any of claims 1 to 7 in which 
a non-magnetic cover plate (44) spans the angular- 
ly extending gaps between the poles of the stator 
to present a substantially smooth circular section 
surface to the rotor. 

9. A motor as claimed in any of claims 1 to 8 in which 
the polarity of the magnet is orientated to be the 
same as that at its host pole when energised. 



Patentanspruche 

1. Geschalteter Reluktanzmotor, welcher umfaftt: ei- 
nen Stator (12) : der Statorpole (16, 16') bildet, von 
denen jeder eine Polschuhflache aufweist, und der 
eine Statorwicklung (18) zur Erregung der Stator- 
pole besitzt; einen Rotor (10), der Rotorpole (14) 
bildet, von denen jeder eine Polschuhflache auf- 
weist.wobei die Bewegung des Rotors durch die 
Statorpole entsprechend der Erregung der Stator- 
wicklung bestimmt wird; und ein magnetisieibares 
Teil (20), das an mindestens einem als Hostpol fun- 
gierenden Stator- oder Rotorpol befestigt ist, und 
welches so angeordnet ist : daft es die Ruheposition 
des Rotors beeinfluftt, wenn die Wicklung nicht er- 
regt wird, um den Rotor in einer relativ zum Stator 
von Null abweichenden, verdrehten Startposition 
zu halten; dadurch gekennzeichnet, daft das ma- 
gnetisierbare Teil eine Verlangerung des Hostpol- 
schuhs bildet. 

2. Motor nach Anspruch 1, dadurch gekennzeich- 
net, daft das magnetisierbare Teil ein Permanent- 
magnet (20) oder ein Elektromagnet ist. 

3. Motor nach Anspruch 1 oder 2, dadurch gekenn- 
zeichnet, daft das magnetisierbare Teil abgewin- 
kelt an einer Seite seines Hostpols befestigt ist. 

4. Motor nach Anspruch 3, dadurch gekennzeich- 



net, daft die Statorpole gleicher magnetischer Rich- 
tung Gruppen bilden, daft die magnetische Rich- 
tung nebeneinanderliegender Gruppen unter- 
schiediich ist, und daft mindestens eine Gruppe der 
5 Statorpole gleicher Richtung mindestens ein ma- 
gnetisierbares Teil zur Beeinflussung des Rotors 
aufweist. 

5. Motor nach einem oder mehreiren der vorherge- 
10 henden Anspruche, dadurch gekennzeichnet, 

daft das magnetisierbare Teil in einer Ausnehmung 
in der Polschuhflache befestigt ist. 

6. Motor nach einem oder mehreren der Anspruche 1 
75 bis 4, dadurch gekennzeichnet, daft das magne- 
tisierbare Teil an einer Seitenftache des Hostpols 
befestigt ist. 

7. Motor nach einem oder mehreren der Anspruche 1 
20 bis 6 ; dadurch gekennzeichnet, daft die Endfla- 

che des magnetisierbaren Teils in bezug auf die Ro- 
tationsachse des Rotors flach oder gekrummt ist. 

8. Motor nach einem oder mehreren der AnsprOche 1 
25 bis 7, dadurch gekennzeichnet, daft eine nichtma- 

gnetische Deckplatte (44) die im Winkel vorhand- 
enden Lucken zwischen den Polen des Stators 
uberspannt, um eine im wesentlichen glatte Kreis- 
abschnittsfiache gegenuber dem Rotor zu bilden. 

30 

9. Motor nach einem oder mehreren der vorhergehen- 
den Anspruche, dadurch gekennzeichnet, daft 
die Polaritat, des Magneten so gerichtet ist ; daft sie 
bei Erregung gleich der seines Hostpols ist. 

35 

Revendications 

1 . Moteur a reluctance commutee comprenant : 

40 

un stator (12) definissant des poles de stator 
(16; 16*) possedant chacun uneface polaire, et 
comportant un enroulement statorique (18) 
pour exciter les poles du stator; 

45 un rotor (10) definissant des poles de rotor (1 4) 

possedant chacun une face polaire, le depla- 
cement du rotor etant influence par les poles 
statoriques en fonction de {'excitation de I'en- 
roulement statorique; et 

50 ('element aimantable (20) fixe a au moins a un 

pole du stator ou du rotor agissant en tant que 
pole principal et etant positionne de telle sorte 
qu'il influe sur la position de repos du rotor, lors- 
que Penroulement n'est pas excite, de maniere 

55 & maintenir le rotor dans une position de couple 

au demarrage nul par rapport au stator; carac- 
terise en ce que : 

('element aimantable forme un prolongement 
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lateral de la tace du pole principal. 

Moteur selon la revendication 1, dans lequel 
I'aimant aimantable est un aimant permanent (20) 
ou un elect roaimant. 5 

Moteur seion ia revendication 1 ou 2, dans lequel 
I'element aimantable est monte angulairement d'un 
cote de son pole principal. 

10 



4. Moteur selon la revendication 3, dans lequel les po- 
les du stator ayant une meme orientation magneti- 
que sont regroupes et Torientation magnetique de 
groupes adjacents est difterente. au moins un grou- 

pe de poles du stator ayant une meme orientation 15 
comportant au moins un element aimantable ser- 
vant a influer sur le rotor. 

5. Moteur selon Tune quelconque des revendications 

1 a 4, dans lequel I'element aimantable est monte 20 
dans un renfoncement situe dans la tace polaire. 

6. Moteur selon Tune quelconque des revendications 
1 a 4, dans lequel I'element aimantable est monte 

sur une face laterale du pole principal. 25 

7. Moteur selon Tune quelconque des revendications 
t a 6, dans lequel la face d'extremite de I'element 
aimantable est plate ou courbe par rapport a I'axe 

de rotation du rotor. 30 

8. Moteur selon Tune quelconque des revendications 
1 a 7, dans lequel une plaque de revetement ama- 
gnetique (44) comble les interstices qui s'etendent 
angulairement entre les p6les du stator de maniere 35 
a presenter au rotor une surface de section circu- 
laire essentiellement lisse. 

9. Moteur selon I'une quelconque des revendications 

1 a 8, dans lequel la polarite d'elements est orientee 40 
de maniere a etre la meme que celle presente au 
niveau de son p6le principal lorsqu'ii est excite. 
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